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Background: Restenosis of arteries or bypass grafts after vascular econstruction is a 
common clinical entity that significantly limits long-term patency. This process, termed 
intimal hyperplasia (IH), is characterized bysmooth muscle cell proliferation i  the intima 
and subsequent accmnulation of intercellular matrix. This study was designed to test the 
hypothesis that endothelial cell (EC) seeding of acutely injured arteries accelerates 
reendothelialization of the flow surface and limits the development of IH. 
Methods: ECs were harvested from jugular veins of New Zealand white rabbits (n = 13) 
and were amplified in tissue culture. Each animal subsequently underwent bilateral balloon 
catheter injury of the iliofemoral arteries; one side was immediately seeded with cultured 
autologous ECs at supraconfluent density, whereas the contralateral vessel served as a 
nonseeded control. Animals were killed 33-+ 5 days after balloon injury. Intimal 
thickening was quantitated on histologic sections of vessels (three sections per vessel, total 
of 60 sections) and percent endothelialization was assessed by SEM; measurements were 
obtained by use of computer-aided morphometry performed by a blinded observer. Data 
were analyzed by use of a paired t test for comparison between seeded and control vessels. 
Results: Seeded vessels exhibited agreater degree of reendothelialization (93.9% + 7.6% 
of the surface) than their unseeded counterparts (65.1% -+ 22.5%, p < 0.01). Intimal 
cross-sectional rea and the ratio of intimal area to medial area were not significantly 
different between seeded and control vessels (intima: 0.32 + 0.19 vs 0.37 +- 0.11 mm 2, 
p = 0.28; intimal area to medial area ratio: 0.84 + 0.35 vs 1.02 + 0.2,p = 0.24). 
Conclusions: We conclude that seeding with autologous venous ECs accelerated restoration 
of the endothelial monolayer but failed to attenuate IH  in balloon-injured rabbit arteries. 
Further studies are necessary todetermine the functional properties of seeded endothelium 
and to examine the effect of EC seeding on intimal thickening in other clinically relevant 
models. (J VASC SURG 1995;21:413-21.) 
Restenosis of blood vessels after percutaneous 
angioplasty, small-caliber prosthetic or autogenous 
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bypass, or surgical endarterectomy is a common 
clinical phenomenon that results from a complex 
series of biologic events involving both cellular 
constituents of the vessel wall and circulating blood 
elements. 1,2 This process consists of migration of 
medial smooth muscle cells (SMCs) into the intima 
with subsequent proliferation and synthesis of extra- 
cellular matrix molecules, producing a fibrocellular 
lesion. 3'4 Lesion progression with encroachment of
the lumen and, ultimately, hemodynamic failure are 
significant clinical problems for all types of small- to 
medium-caliber a terial reconstructions. ~7
Dysfunction, discontinuity, or injury of the en- 
dothelial cell (EC) monolayer has been postulated to 
play a significant role in the evolution of  intimal 
hyperplasia, 8 yet the exact nature of that role remains 
poorly understood. 9 Experimentally, balloon cath- 
eter injury of the arterial wall has been extensively 
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used to study vessel wall injury. This method isrupts 
the endothelial monolayer by use of a balloon 
catheter and-by  stretching-injures the underlying 
media as well. SMC migration and proliferation 
subsequently results in intimal thickening) °,11 
Pharmacologic approaches tolimit intimal hyper- 
plasia are a focus of intense investigation, 121s but at 
present no clinically useful means exists to alter the 
tendency of arteries to develop segmental stenoses 
after intervention. EC seeding, first developed as a 
technique to surface prosthetic grafts with ECs,  16-18 
may also provide a means for returning the acutely 
injured native vessel to a "quiescent" state. Previous 
studies have suggested that EC seeding may attenuate 
intimal thickening after endarterectomy, 19,2° provid- 
ing impetus for further examination fthis approach. 
In a prior series of experiments with a model that 
mimics a potential clinical seeding protocol, we have 
characterized the early phases of autogenous venous 
EC repopulation of balloon-injured rabbit iliofemo- 
ral arteries. 2~ Those studies demonstrated near com- 
plete resurfacing of balloon-denuded vessels by the 
seeded cells within 4 to 7 days. This investigation was 
designed to examine the effect his clinically oriented 
seeding strategy has on intimal hyperplasia in this 
rabbit model of arterial injury. 
METHODS 
Animal procedures 
Adult New Zealand white rabbits weighing 
between 3 and 5 kg were given free access to water 
and standard rabbit chow and were housed in a 
facility with alternating fight and dark cycles. Animals 
were allowed to acclimate for a minimum of 24 hours 
before surgical interventions. Animal care complied 
with the "Principles of Laboratory Animal Care" 
(National Society for Medical Research) and the 
"Guide for the Care and Use of Laboratory Animals" 
(NIH Publication No. 80-23, revised 1985). 
Animals were anesthetized for surgical proce- 
dures with ketamine (25 mg/kg, Ketalar; Parke- 
Davis, Morris Plain, N.J.) and xylazine (5 mg/kg, 
Rompun; Mobay, Shawnee, Kan.) administered by 
intramuscular injection, supplemented with intrave- 
nous doses of the mixture as needed. Jugular veins 
were harvested by adapting previously published 
procedures. 22z4 In brief, the external jugular vein was 
surgically exposed and isolated from the thoracic 
outlet to the submandibular gland, and tributaries 
were ligated and divided. The vein was then ligated 
proximally, cannulated in situ at its distal end, and a 
venotomy was made near the proximal ligature. 
Several milliliters of heparinized (20 units/ml) tissue 
culture medium (M- 199; Gibco, Grand Island, N.Y.) 
were flushed through the vein to remove residual 
blood, after which the vein was filled with 0.2% type 
I collagenase (Worthington, Malvern, Pa.) in M-199 
supplemented with 1% fetal bovine serum (FBS, 
Gibco) prewarmed to 37 ° C, and a microvascular 
clamp was placed at the proximal end. The filled vein 
was then excised and placed in a polypropylene tube 
containing Hanks' balanced salt solution (Gibco) at 
37 ° C. After achieving hemostasis, the wound was 
closed with absorbable suture and skin staples, and 
the animal was allowed to recover. 
On the day of seeding, rabbits were anesthetized 
as described, and through bilateral incisions the 
iliofemoral arterial tree from the aortic bifurcation to 
the superficial femoral artery (SFA) was exposed. All 
branches distal to the origin of the external iliac artery 
and proximal to the SFA-profunda bifurcation were 
ligated, thus creating an isolated segment (external 
iliac through common femoral) for seeding. The SFA 
was then incised, and a 2F Fogarty balloon embo- 
lectomy catheter (American Edwards, Anasco, P.R.) 
was inserted, passed into the distal aorta, inflated, and 
withdrawn once to denude the vessel. During with- 
drawal of the balloon, a microvascular clamp (Accu- 
rate Instruments, Westbury, N.Y.) was placed at the 
origin of the external iliac as the balloon reached the 
common iliac bifurcation to prevent blood from 
entering and contacting the freshly denuded surface. 
The balloon catheter was then removed, and the 
denuded vessel segment was rinsed with M199 
supplemented with 20 units/ml heparin sodium. 
After directing flush solution down the deep femoral 
artery system, the deep femoral artery was clamped at 
its origin. 
Concurrent with the surgical exposure a suspen- 
sion of autologous cultured ECs was prepared for 
seeding. Newly confluent early passage autologous 
rabbit endothelial cells were rinsed twice, detached by 
use of trypsin for 3 to 5 minutes at 37 ° C, and the 
trypsin was inactivated with an equal volume of 
M-199 supplemented with 20% autologous erum 
(previously isolated at jugular vein harvest and 
heat-inactivated) and 17.5 units/ml heparin. An 
aliquot was counted, and the volume was adjusted to 
create a cell suspension of 3 × 106 cells/ml (calcu- 
lated to yield approximately 2 × 10 s cells/cm 2 of 
vessel surface). In previous experiments with this 
model we have demonstrated rapid repopulation of 
the vessel surface by seeded cells when such seeding 
densities are used. 21 After flushing the freshly de- 
nuded vessel as described, the EC suspension was 
infused to distend the vessel gently and was left 
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undisturbed for 30 minutes. The contralateral vessel 
in each animal was treated identically except for the 
absence of cells in the solution used to fill the vessel. 
After incubation, the catheter and clamps were 
removed, the SFA was ligated, and antegrade flow 
was reestablished. Wounds were closed surgically, 
and the animals were allowed to recover. 
At sacrifice animals were reanesthetizcd with 
ketamine and xylazine, the infrarenal aorta was 
exposed and cannulated, and the distal arterial tree 
flushed at a pressure of 100 mm Hg with heparinized 
(10 units/ml) lactated Ringer's solution followed by 
perfusion fixation with 1.25% gluteraldehyde in 0.1 
mol/L sodium cacodylate, pH 7.3, for 8 to 10 
minutes at 100 mm Hg. Animals were killed by 
intravenous overdose of sodium pentobarbital just 
before gluteraldehyde infusion. The terminal aorta 
and distal arterial tree were excised en bloc, placed in 
fixative overnight, and subsequently stored at 4 ° C in 
0.1 mol/L sodium cacodylate until processing. 
Cell isolation and culture The freshly excised 
vein segment was placed in a water bath at 37 ° C for 
10 additional minutes. Under a laminar flow hood, 
the microvascular clamp was removed, and the 
collagenase ffluent was collected together with 
several milliliters of complete EC medium (M-199 
with 20% [vol/vol] fetal bovine serum, 17.5 units/ml 
porcine intestinal mucosa-derived heparin [Sigma 
Chemical Co., St. Louis, Mo.], 100 ~g/ml EC 
mitogen [Biomedical Technologies, Inc., Stoughton, 
Mass.], 0.7 mmol/L L-glutamine [Gibco], 50 
units/ml penicillin G sodium, 50 mg/ml streptomy- 
cin sulfate, and 125 ng/ml amphotericin B 
[Antibiotic-antimycotic; Gibco]), which was force- 
fully flushed through the vein. Cells were pelleted by 
centrifugation at 125g for 10 minutes, then resus- 
pended in complete EC medium and plated to tissue 
culture dishes precoated with gelatin (1% gelatin in 
0.9% saline solution; Difco Laboratories, Detroit, 
Mich.). ECs were cultured at 37 ° C in a humidified, 
5 % carbon dioxide atmosphere. With this technique 
the estimated yield was 0.2 to 2.0 × 104 cells per 
harvest, although variation between preparations was 
seen. Twenty-four hours after harvest, the cells were 
rinsed with Hank's balance salt solution to remove 
remaining red blood cells and replenished with fresh 
complete EC medium. Culture medium was changed 
routinely three times per week, and the cells were 
allowed to proliferate to near confluence before 
passage, typically at 7 to 10 days after harvest. Cells 
were passaged with 0.05% trypsin-ethylenediamine 
tetraacetic acid (Gibco) and replated to gelatin- 
coated ishes at ratios between 1: 4 and l : 6. Cultures 
were allowed to grow until sufficient cells were 
available for seeding (approximately 3 × 106 cells, 
which required amean of 15 [range 9 to 27] days in 
culture and maximum of three passages). 
To characterize these REC cultures we have used 
previously described immunohistochemical and cy- 
tochemical techniques. 2~,26 Immunohistochemical 
staining for factor VIII-related antigen used a goat 
anti-human factor VIII-related antigen (Atlantic 
Antibodies, Scarborough, Maine) and an avidin- 
biotin-peroxidase d tection method (Vector Labora- 
tories, Burlingame, Calif.). SMC contamination was 
precluded by staining for muscle actin isoforms by 
use of a mouse monoclonal ~mtibody (HHF-35; 
Enzo, New York, N.Y.).27 Presence of a "scavenger" 
receptor for modified low-density lipoprotein, an- 
other EC marker, was detected by uptake of a sterile 
fluorescent substrate 1,1'-dioctadecyl-l-3,3,3',3'- 
tetramethyl-indo-carbocyanine perchlorate (DiI-Ac- 
LDL; Biomedical Technologies Inc.). Cultures were 
incubated at 37 ° C with Di-I-Ac-LDL at a concen- 
tration of 1 ~tg/ml in complete EC medium for 4 
hours, then rinsed, fixed in 3% formalin, and viewed 
with epifluorescence microscopy by use of standard 
rhodamine xcitation and emission filters. Human 
saphenous vein EC and rabbit aortic SMC (obtained 
by use of standard protocols 23,28) served as controls 
for the above assays. 
Histologic study 
Four transverse sections were taken from each of 
the 20 explanted arteries. One 0.5 cm segment taken 
from the external iliac region was prepared for 
scanning electron microscopy (SEM). Three 0.3 cm 
sections were taken serially from the adjacent external 
iliac artery for light microscopic examination and 
morphometric analysis. 
Tissue segments for SEM were dehydrated in 
graded concentrations of ethanol and then critically 
point dried with carbon dioxide. The artery segments 
were bisected longitudinally with a sharp blade and 
sputter coated with gold/palladium. The samples 
were observed at 20 kV on an AMR 1400 scanning 
electron microscope (AMR Corp., Winchester, 
Mass.). Five random photomicrographs (Original 
magnification × 500) were taken of each endothelial 
surface. Deendotheliaiized areas were defined by 
discontinuity of the endothelial surface associated 
with overlying platelets and fibrin. Endothelialized 
areas were characterized by fusiform cells aligned in 
the direction of blood flow and by the irregularly 
shaped cells of regenerating endothelium. 29 The 
outlines of these regions were traced by an operator 
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Fig. 1. Representative analysis of cultured venous cells for 
presence of scavenger receptor for LDL. Cultured cells, 
enzymatically harvested from rabbit jugular veins, were 
incubated with fluorescently labeled acetylated LDL. A, 
Appearance of cells with phase contrast optics. (Original 
magnification × 400.) B, Appearance of cells with epifluo- 
rescence optics. (Original magnification × 400.) 
blinded to the origin of the photomicrograph, and 
the areas were obtained by use of computer-aided 
morphometry. A mean percentage of endothelializa- 
tion was calculated for each vessel surface. 
Specimens for light microscopy were embedded 
in paraffin, cut to 5 Ixm sections, and stained with 
hematoxylin and eosin, as well as a modified 
trichrome stain. The cross-sectional areas of the 
lumen, intima, and media were measured by use of 
computer-aided morphometry. The limits of the 
intima were defined by the lumen and the internal 
elastic lamina. The media was defined as that area 
between the internal elastic lamina and the external 
elastic lamina when visible, or the junction with the 
adventitia when the external elastic lamina was not 
clearly defined. 
Statistical analysis 
The extent of reendothelialization as assessed by 
SEM was expressed as a percentage score for each 
vessel. Morphometric measurements from each of the 
three sections analyzed per vessel were averaged to 
provide a single set of measurements for each of the 
20 vessels. Percent reendothelialization, intimal 
cross-sectional rea, and the ratio ofintimal to medial 
compartment areas (I/M) were compared between 
seeded and nonseeded vessels with use of a paired 
t-test. Differences were considered to be significant 
with ap value of less than 0.05. 
RESULTS 
In preliminary experiments we investigated the 
time course of vessel narrowing in rabbit arteries 
subjected to balloon catheter injury. All balloon- 
injured vessels developed intimal thickening (mean 
intimal area 0.44 + 0.24 mm 2) as determined by 
morphometry on fixed tissue specimens. Scrial non- 
invasive examinations (duplex scanning) of injured 
arteries revealed that hemodynamically significant 
focal stenoses developed in most vessels, which 
reached maximal narrowing at 4 to 6 weeks after 
injury (data not shown). Based on these data and the 
reports of others, e931 the 4-week interval was selected 
as a relevant time point for analysis of thickening after 
balloon injury in these seeding experiments. 
Endothelial cell cultures obtained from rabbit 
jugular veins were assessed for purity by the battery 
of immunohistochemical nd cytochemical tests 
used. Uptake of Di-I-Ac-LDL in the characteristic 
lysosomal pattern was present in virtually all cells in 
the cultures examined (Fig. 1), whereas taining for 
factor VIII-related antigen was also positive but 
more variable in percentage (data not shown). SMC 
contamination as identified by the HHF-35 antibody 
was essentially nonexistent, with fewer than 0.1% of 
cells staining positively in the tested cultures (data not 
shown). 
Of  the 13 animals undergoing balloon injury and 
autologous EC seeding, three died before the sched- 
uled date of sacrifice. The 10 animals that comprise 
the study cohort were killed a mean of 33 + 5 days 
after balloon injury. All vessels (seeded and non- 
seeded) were patent at the time of harvest as judged 
by direct inspection of each of the segments in 
question after perfusion fixation. 
Examination of scanning electron micrographs 
of the seeded arteries revealed a largely confluent 
layer of EC aligned in the direction of blood flow 
(Fig. 2,A) with few adherent leukocytes or platelets. 
Occasional irregularly shaped cells that were non- 
aligned and were separated by intercellular gaps 
were also noted (Fig. 2, B). Contralateral control 
arteries also exhibited endothelialized areas as de- 
scribed but were more frequently mixed with larger 
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Fig. 2. Scanning electron micrographs (SEM) of luminal surface of seeded artery at 30 days. 
Rabbit arteries were balloon injured and seeded with autologous venous ECs. At 30 days vessels 
were perfusion-fixed and explanted, and portion of seeded segment was prepared for SEM. A, 
Surface of seeded artery covered with confluent lining of cells displaying typical endothelial 
structure, including intact intercellular junctions and alignment in direction of blood flow. 
(Original magnification × 500.) B, Corresponding area from opposite artery (nonseeded) 
demonstrates polygonal, randomly oriented surface cells with adherent blood cells and platelets, 
consistent with less quiescent surface. (Original magnification × 500.) 
Table I. Comparison of seeded and nonseeded vessels 
No. % Reendothelialization * Area of I (mm 2) Area of M (mm 2) Ratio I/M 
Seeded 10 93.9 + 7.6 0.32 + 0.19 0.35 + 0.10 0.84 _+ 0.35 
Nonseeded 10 65.1 -+ 22.5 0.37 -+ 0.11 0.37 _+ 0.11 1.02 _+ 0.20 
pt <0.01 0.28 0.57 0.24 
/, Intima; M, media. 
*Four animals excluded from SEM analysis (see text). 
t Paired t test. 
Cross-secnonal areas of the intima and media are nsquare millimeters. Values are expressed as mean -+ standard deviation with significance 
level ofp < 0.05. 
areas devoid of cells with occasional adherent leu- 
kocytes and platelets. 
Reendothelialization of 10 randomly selected 
portions of each test artery was quantitated from 
representative scanning electron micrographs by a 
blinded observer. Endothelial repopulation for 
seeded arteries averaged 93.9% ___ 7.6%, whereas 
nonseeded vessels demonstrated 65.1% _+ 22.5% 
endothelial rcpopulation (Table I). This difference 
was significant with ap value less than 0.01. Four of 
the animals were excluded from this portion of the 
analysis because of  fixation artifacts that obscured 
accurate assessment of the surface. 
Results of the morphometric analysis of the 20 
vessels examined are summarized in Table I and Fig. 
3. All balloon-injured vessels developed significant 
intimal thickening when compared with noninjured 
aortic segments processed as controls. Data were 
analyzed both individually (seeded vs nonseeded 
artery in each animal) and as groups of seeded vs 
nonseeded arteries. When values for intimal area 
(absolute numbers or values normalized to the 
compartment area of the media [I/M]) were com- 
pared between the groups of seeded and nonseeded 
vessels, no significant difference could be demon- 
strated. Paired analysis (with each animal used as its 
IOURNAL OF VASCULAR SURGERY 













Fig. 3. Compartment area measurements of seeded and 
nonseeded vessels in individual animals. Morphometric 
measurements were performed as described in text, with 
values hown representing mean of measured areas from 
three sections per vessel. Absolute values for intimal area 
are displayed on bar graph in (A) (upper panel); lowerpanel 
(B) depicts intima/media r tio for each vessel. 
Fig. 4. Histologic appearance oftypical cross sections f 
balloon injured rabbit arteries. Cross-sections of seeded (A) 
and non-seeded (B) rabbit arteries explanted from same 
animal at 30 days after balloon injury. Tissue harvesting, 
processing, and staining were performed as described in 
text. Representative sections are shown. 
own internal control) also failed to reveal significant 
differences in absolute or normalized compartment 
areas. In the 10 animals in the study, six of 10 
demonstrated less intimal thickening in the seeded 
artery, whereas in four animals the converse relation 
was observed. Fig. 4 illustrates typical histologic 
sections from seeded and nonseeded vessels explanted 
from the same animal. 
Given the relatively small sample size, we cal- 
culated the power of the study to detect a mean- 
ingful difference in thickening after balloon injury, 
which we defined as a 50% difference in the nor- 
malized intimal compartment area (l/M). For a 
significance l vel 0~ = 0.05, [3 was estimated at 0.03 
(power > 0.97) for detecting a difference of this 
magnitude, s2
DISCUSSION 
Recognition of the role of the EC in a number of 
highly specialized activities in vivo, coupled with 
clinical observations that prosthetic grafts implanted 
in man failed to develop an EC monolayer, led to the 
suggestion that maintenance of an intact endothelial 
monolayer might promote patency after vascular 
reconstruction i man. Because demonstration of 
experimental feasibility of the concept ofEC seeding 
in 1978 by Herring et al, 16 a great deal of effort has 
been expended to investigate the therapeutic appli- 
cation for this concept. Although the literature to 
date clearly documents that seeding can improve the 
surface coverage and early patency of prosthetic grafts 
implanted in a number of species, comparatively little 
effort has been devoted to the study of the conse- 
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quences of EC seeding on intimal thickening. Be- 
cause failure of small-caliber arterial reconstructions 
in man most often occurs at mid to late time points 
(i.e., 3 to 18 months) as a result of the development 
of progressive intimal thickening, we specifically 
designed our experiments to evaluate the effect of EC 
seeding on these later events in a model free of early 
thrombotic occlusion. 
The data show that EC seeding improves cover- 
age of the surface of a balloon-injured rabbit artery 
after an acute denuding injury to the intima, thus 
extending the seeding concept from prosthetic grafts 
and endarterectomized vessels to balloon-injured 
vessels. In previous experiments we demonstrated 
that autologous venous ECs carrying areporter gene 
could be seeded to the surface of balloon-denuded 
arteries, where they adhered and proliferated tocover 
the vessel within 4 to 7 days (in part dependent on the 
number of cells seeded to the vessel surface).21 This 
study extends the time period of observation to 4 to 
6 weeks after seeding, and demonstrates persistence 
of a largely intact endothelial surface on the seeded 
vessels, whereas unseeded vessels are less completely 
resurfaced and continue to have large areas of 
exposed subintima nd luminal smooth muscle cells. 
Thus autologous venous EC seeding of balloon- 
injured rabbit arteries induces reendothelialization of 
the acutely denuded surface within days, and the 
surface remains endothelialized up to 6 weeks after 
seeding. 
Despite hastened reendothelialization of the in- 
jured arterial surface, we observed no significant 
attenuation of intimal hyperplasia in the seeded 
vessels. This suggests that EC repopulation alone 
may not significantly attenuate intimal thickening 
after balloon injury, although anumber of potential 
limitations of the model need consideration. These 
include our inability to restore an intact endothelial 
monolayer immediately to the entire surface of the 
artery at the time of injury and cell implantation, the 
use of venous cells to seed the arteries, or the 
requirement in our system for a "culture step" to 
expand the numbers of ECs for seeding. Although 
each of these possibilities limits the generality of our 
observation, as noted earlier, this model duplicates 
one potentially realistic linical protocol to test the 
seeding concept and therefore suggests that further 
optimization or other strategies may be necessary 
before undertaking a clinical seeding protocol. 
Other investigators have noted that the prolifera- 
tive response of medial SMC is markedly reduced 
when endothelial denudation is accomplished by 
techniques designed to minimize injury to the 
media. 33 These studies suggest hat the degree of 
medial injury, rather than endothelial denudation per 
se, is the primary determinant of subsequent SMC 
proliferation. This study supports this hypothesis by 
demonstrating the ineffectiveness of endothelial res- 
toration in preventing intimal hyperplasia after bal- 
loon injury, which induces ignificant trauma to the 
media. Further studies are necessary todetermine the 
role of endothelial loss (and potential utility for EC 
seeding) in more clinically relevant models of reste- 
nosis, particularly in the substrate of atherosclerosis. 
Previously Bush et al.19,20 reported attenuation f
intimal hyperplasia n dog carotid arteries ubjected 
to endarterectomy when the freshly endarterecto- 
mized surface was seeded with cultured, autologous 
venous ECs at extremely high densities. Graham et 
al.34 examined the effect of EC seeding on anasto- 
motic intimal thickening in a prosthetic graft model 
in dogs, and were unable to demonstrate a diminu- 
tion in intimal hyperplasia for seeded grafts. 34 They 
did, however, observe anegative correlation between 
the extent of EC coverage of seeded grafts and the 
magnitude of anastomotic thickening. These studies 
differ from ours in several important ways. Most 
importantly, there are significant species differences 
between dogs and rabbits with regard to endothelial 
regeneration, thrombotic tendency, and vessel wall 
healing responses. The suggestion has been made 
that canine studies, although quite useful for analysis 
of thrombotic events, may be of limited utility in the 
study of longer term healing. 35 In addition the study 
by Bush et al. 2° used extremely high seeding densities, 
approximately tenfold in excess of calculated conflu- 
ent density. Based on our prior work, we used a 
seeding density of 200% estimated confluent density, 
which is adequate to achieve resurfacing of these 
vessels within 4 to 7 days. It remains possible that 
seeding at much higher densities may promote more 
rapid and complete restitution of the endothelium, 
with subsequent suppression ofintimal proliferation. 
Although this hypothesis remains to be tested, the 
time required to grow sufficient cells for high-density 
seeding may limit the utility of this approach. Finally, 
although the methods of injury-endarterectomy, 
balloon dilation, and prosthetic bypass- are different 
and subsequent healing events may not be directly 
comparable, it is possible if not likely that critical 
responses to each of these injuries are similar. 
In summary, our studies demonstrate hat seed- 
ing of balloon-injured rabbit arteries with cultured, 
autologous venous ECs results in durable restoration 
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o f  the endothel ial  monolayer.  We were unable, 
however, to demonstrate a salutary effect o f  seeding 
on intimal thickening in this model.  A l though no 
beneficial effect was observed with seeding alone, this 
system may prove useful to develop other solutions to 
the prob lem o f  post intervent ion i t imal thickening. 
By use o f  gene transfer techniques to modi fy  ECs 
before seeding, this model  can be used to examine the 
local effects o f  high level expression o f  a specific 
protein or pept ide on vessel wall healing. 
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